nutrition as early as possible and to treat nutritional problems through nutrition intervention. Nutritional screening tools vary with regard to the risk parameters used and their ability to determine nutritional risk. The Nutrition Risk Index (NRI), the Malnutrition Universal Screening Tool (MUST), Nutritional Risk Screening 2002 (NRS 2002) , and the Mini Nutritional Assessment (MNA) are the most popular nutritional screening tools and their reliability has been proven [13] .
These screening tools are used to evaluate recent changes in weight or food intake to detect whether the patient's condition is stable or getting worse. Despite the high prevalence of malnutrition among cancer patients, the manpower of clinical dietitians is insufficient to interview every new patient to ask about changes in body weight and/or recent food intake. We have used a computerized nutrition screening system to determine serum albumin concentration, percentage of ideal body weight, and severity of diagnosis and those data were collected within 24 hours after hospital admission. The guidelines of the European Society for Clinical Nutrition and Metabolism (ESPEN) state that nutritional screening should be able to predict the clinical course based on nutritional status and whether patients could benefit from nutritional treatment [14] . This study aimed to determine whether the gastrointestinal cancer patients that are at nutritional risk on admission (based on the results of our nutrition screen tool) are associated with increased length of hospital stay (LOS) and mortality.
Materials and Methods
This study was conducted by retrospective chart review using the clinical data research system of Severance Hospital, Yonsei University Health System. Among those patients who were admitted to the hospital between March 1, 2011 and May 31, 2011, we included 4,345 adult patients (≥20 years old) with esophageal, gastric, colon, rectal, hepatic, and pancreatic cancer. We excluded patients who were discharged from the hospital within 24 hours of admission or who stayed in the hospital longer than 90 days.
We collected the following data: age, sex, chief complaint, diagnosis, admission source, height and body weight at admission, serum albumin and total lymphocyte count (TLC) at admission to the hospital; upon discharge from the hospital, we collected data on length of hospital stay (LOS) and mortality. Data about changes in body weight for a month and oral intake for a week prior to admission were collected from the admission nursing records. Based on the nutrition screening criteria used by Severance Hospital (Table 1) , we divided the subjects into three groups according to the degrees of their nutritional risk: high risk (HG), moderate risk (MG), and low risk (LG). The computerized nutrition screening tool in this hospital was developed in 2005. We selected serum albumin concentration levels, percentage of current body weight to ideal body weight (%IBW), and severity of medical diagnosis as the nutrition screening parameters; and the data can be taken from the electronic medical record (EMR) for almost all the patients within 24 hours after admission to the hospital.
This study was a retrospective chart review and the Institutional Review Board waived the requirement to obtain informed consent from the patients. 
Statistical analysis
The results were expressed as means ± SD. The differences in the LOS, body mass index (BMI), and the biochemical parameters (albumin and TLC) among the three groups, based on the results of the nutrition screening, were analyzed by analysis of variance using the post hoc Bonferroni test. A chisquare test was used to compare the differences in mortality. To identify the factors associated with increased LOS and mortality, multiple logistic regression analysis was conducted. Statistical significance was set at p < 0.05 for all tests. The data analysis was conducted using IBM SPSS 20.0 (Armonk, NY, USA).
Results
The patients were 60.5 ± 11.4 years old and 2,959 of the 4345 patients (68. 1%) were males. The most common cancer site was the stomach (33.3%), followed by the liver (23.2%), the colon (17.6%), the rectum (14.4%), the pancreas (9.0%), and the esophagus (2.6%). Although the hospitalization of most of the patients was elective, 844 patients (19.4%) were admitted unexpectedly. Mean hospital stay was 8.2 ± 8.2 days, ranging from 2 to 85 days. Hospital mortality was 3.4 % (n = 146). Average BMI was 22.5 ± 3.3 kg/m 2 . A higher percentage of the esophageal and gastric cancer patients (18.8% and 16.6%, respectively) had BMI lower than 18.5 kg/ m 2 , compared to the other patients in the study (p < 0.0001).
According to the nursing records, 412 patients (30.5%) had experienced involuntary weight loss for three months prior to admission and 447 patients (10.8%) reported decreased food intake for one week prior to admission ( Table 2 ). Based on the nutrition screening criteria, the majority of the patients were at low nutritional risk (n = 3, 102 [71.4%]), while 779 patients (17.9%) were at moderate risk, and 464 (10.7%) were at high risk. Although the proportion of HG in the esophageal (18.4%), hepatic (15.3%), pancreatic (12.9%), and gastric cancer patients (12. 1%) was higher than the average prevalence among all the patients, the proportion of HG was lower in the rectal (6.2%) and colon cancer patients (3.3%) ( Figure 1 ). We compared the nutritional parameters, LOS, and mortality among three groups: HG, MG, and LG (Table 3) . Average BMI, initial and final serum albumin concentration, and TLC were significantly lower in the HG group than those in the MG and LG groups. Although more patients in the LG group experienced weight loss than the patients in the other two groups, a significant difference in the percentage of weight loss to usual weight was only found between the MG group and the LG group (8.4 ± 5.6 %, 6.8% ± 4.5, p = 0.012). Hospital length of stay was significantly longer in the HG group (10.4 ± 11.4 days) than it was in the LG group (7.7 ± 7.9 days) and the MG group (7.9 ± 7.9 days) (p < 0.0001). Hospital mortality was significantly different among the three groups in the chi-square test, and was found to be the highest in the HG group (13.6%) and the lowest in the LG group (1.5%) (p < 0.0001).
We conducted the subgroup analysis according to the admission process, i.e., emergency admission or elective admission (Table 4 ). The prevalence of HG was higher in the patients who were admitted to the hospital through the emergency department than it was in patients who were electively admitted (24.9% vs. 7.3%, p < 0.0001). The mortality was significantly higher in the HG group for both of the subgroup analysis. Although the hospital length of stay was significantly higher in the HG group than it was in the other two groups with elective admission, it was not significantly different in the emergently admitted patients.
We carried out multiple logistic regression analysis to identify the factors associated with mortality and LOS > 10 days, including age, admission source, and nutritional risk (low vs. moderate-to-high nutritional risk). All of the three parameters were selected for the regression equations for both mortality and LOS > 10 ( Table 5) . 
Discussion
We found that 28.7% of patients were at moderate-to-high nutritional risk on admission and the length of hospital stay and mortality increased more significantly in the HG group than those in the MG or LG groups. The frequency of any degree of malnutrition or risk of developing malnutrition on admission to the hospital varied greatly, depending on the nutritional screening tool used. Poulia et al. [15] and Kyle et al. [16] reported differences in the prevalence of malnutrition among nutrition screening tools even when the tools were applied to the same patients. To identify patients at nutritional risk in daily clinical practice, a screening tool should be an easy, standardized, rapid, noninvasive, and cost-effective diagnostic tool. The ESPEN recommends that NRS 2002 would be used to screen hospitalized adults [14] . Because NRS 2002 is based on anthropometrics, intakes, ages, and metabolic stresses, applying it to the identification of nutrition risk groups for all hospitalized patients can be costly in terms of time and manpower. Kim et al. [17] developed a nutrition screening tool for hospitalized cancer patients using food intake change, Eastern Cooperative Oncology Group (ECOG) performance status, weight loss, and BMI. They reported that 36.2% of their patients were at high nutritional risk, which is higher than the findings in the present study. This might be related to the used parameters to detect recent instability of nutritional status, such as food intake, weight loss, and ECOG status. We chose objective parameters, i.e., albumin, %IBW, and severity of diagnosis, which have small inter-observer variations and which are easy to identify. However, our approach might fail to reflect recent changes in the patients' nutritional status and, as a result, the patients' future risk of aggravating their nutritional status might be overlooked. As a 2,000-bed university hospital, 200 to 250 new patients are admitted to Severance Hospital everyday and the hospital has insufficient manpower to interview all the new patients. Consequently, our screening tool can be effectively used to identify patients who are at nutritional risk, which could result in prolonged LOS or mortality, so they can receive early nutritional intervention.
The present study found significant differences in mortality and LOS among the three groups based on the degrees of nutritional risk, and both of those factors were the highest in the HG group. In the multiple logistic regression analysis, moderate-to-severe nutritional risk, age, and admission route were selected as the factors that would increase mortality and LOS. Of the subjects in the EuroOOPS study [4] , 30% of the patients with a solid tumor were defined as "at nutritional risk" by NRS 2002 and those patients stayed in the hospital for a significantly longer period than the 'not-at-risk' patients (9 days vs. 6 days, p < 0.001). In the malnourished patients that Kim et al. [17] assessed using a nutritional screening tool, the mean LOS was 10.8 days; that finding is similar to the results in our study in which the LOS of patients in the HG group was significantly longer than the LOS of well-nourished patients. High nutritional risk by NRI was also related to increased LOS [18] . The predictive validity of this finding is of major importance, i.e., the individual identified to be at risk by the method is likely to obtain a health benefit from the intervention arising from the screening results. Our nutrition screening tool, which uses a computerized system, might be an effective alternative in a large institution that lacks a sufficient number of personnel to screen patients. In addition, the nutritional status of GI cancer patients undergoing curative or palliative treatment had a clear effect on both long-term and short-term mortality. In a retrospective review of 1,555 patients for GI malignancies undergoing chemotherapy, Andreyev et al. [8] indicated that weight loss at presentation may be an independent prognostic variable of shorter overall survival. Preoperative malnutrition was reported as an independent risk factor of postoperative [19] . Lower serum albumin levels and lower BMI were reported as independent predictive factors of 30-day mortality after the insertion of a palliative self-expanding metal stent in the patients with inoperable or recurrent esophageal cancer [20, 21] . Although we did not analyze the cause of death of the patients in this study, we showed that the more severely malnourished the patients were, the higher the mortality was. Therefore, our automated screening tool might be useful to identify patients at nutritional risk who could benefit from earlier nutrition intervention in a large hospital which is lacking sufficient manpower.
In our study, the prevalence of HG was significantly higher among patients who were emergently hospitalized than it was in patients who were electively hospitalized (24.9% vs. 7.3%, p < 0.0001). Nutritional risk was associated with increased mortality irrespective of admission source and it was only associated with LOS in the electively hospitalized patients. Usually, many cancer patients visit emergency center because of the onset of acute illness, such as complications from anticancer therapy treatments (surgery, chemotherapy, or radiotherapy). With the exception of the emergently admitted patients, more than 90% of our subjects were electively admitted to the hospital for surgery, chemotherapy, or radiotherapy related to their cancer. In a clinical setting, disease factors assume greater importance, with disease-associated malnutrition assuming an important, though secondary, role [14] . Therefore, hospitalization through the emergency room might be a disease factor related to increased nutritional risk. The patients who experienced complications during their hospitalization stayed longer, even in the 'not-at-risk group', and this finding was similar to the hospitalization stays of 'at risk' patients, irrespective of the presence of any complication [4] .
The present study has some limitations. As a retrospective study, we could not consider the stage of the patient's cancer. Many studies reported that the cancer stage might be associated with nutritional status, resulting in negative clinical outcomes [22] . Although we enrolled cancer patients in this study, we developed the screening tool aimed primarily at the mixed patient population of this hospital, including cancer patients, and we took the severity of the patients' diagnosis into account, which could affect the patients' nutritional status. The present study suggested that emergency admission could be included as a parameter for nutritional risk. Our nutrition screening tool does not include recent weight loss or food intake, which are the parameters that represent nutritional stability and future risk of development of malnutrition. In particular, knowing if there has been recent weight loss over time helps clinicians identify patients at risk for malnutrition and that factor seems to be the most important single indicator of nutritional status [23] . Leuenberger et al. suggested that nutritional screening tools should use both BMI and weight loss to predict risk for malnutrition [24] . In the clinical practice with insufficient numbers of clinical dietitians, nurses could use a survey to identify changes in recent weight loss or food intake. However, further studies must be conducted on the consistency between dietitians and nurses who perform such a survey.
There are few studies that directly link the nutrition process to the improved outcomes. Routine nutritional screening with validated tools can identify patients at risk, but further research is needed to evaluate the benefits of nutritional screening and intervention and their effect on outcomes.
Conclusion
In the present study, we found that higher nutritional risk was associated with prolonged hospital stay and increased mortality, using a computerized nutrition screening system that assessed factors such as %IBW, serum albumin concentration levels, and the severity of the disease diagnosis. In the multiple logistic regression analysis, moderate-to-severe nutritional risk, determined by our nutrition screening tool, increased age, and emergency admission were selected as significant parameters of mortality and prolonged hospital stay. Further research is needed to evaluate the benefits of nutritional screening and intervention and their effect on outcomes in various disease populations.
